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Energy metabolism has emerged as a new target-pathway for de-
velopment of new anti-tubercular drugs [1], which are urgently needed
to combat concomitantly emerging drug-resistant bacterial strains. A
new ATP synthase inhibitor [2], the diarylquinoline TMC207, acts in a
highly selective manner with strong afﬁnity for ATP synthase from
Mycobacterium tuberculosis and only minimal effect on the human
homologue [3]. These features are prerequisite for clinical application
of ATP synthase inhibitors and make TMC207 a promising drug
candidate for shortening and simplifying tuberculosis chemotherapy.
We used biochemical assays and binding studies to characterize
the interaction between TMC207 and ATP synthase [3]. Using
inverted membrane vesicles from the non-pathogenic strain M. bovis
BCG [4] we show that TMC207 acts independent of the proton motive
force and does not compete with protons for a common binding site.
The drug is active on mycobacterial ATP synthesis at neutral and
acidic pH with no signiﬁcant change in afﬁnity between pH 5.25 and
pH 7.5 (IC50 = 5-10 nM), indicating that the protonated form of
TMC207 is the active drug entity. The interaction of TMC207 with ATP
synthase can be explained by a one-site binding mechanism, the
drug molecule thus binds to a deﬁned binding site on ATP synthase.
TMC207 afﬁnity for its target decreases with increasing ionic
strength, suggesting that electrostatic forces play a signiﬁcant role
in drug binding. These results will be discussed in view of existing
docking studies and may provide input for structure-based design of
ATP synthase inhibitors. Moreover, the high afﬁnity of TMC207
observed at low proton motive force and low pH values may in part
explain the exceptional ability of this compound to efﬁciently kill
mycobacteria in different microenvironments.
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Isolated ATP synthase deﬁciency of nuclear origin leads to a rather
frequent fatal neonatal encephalo-cardiomyopathy (OMIM604273).
The most common cause of the disease is c.317-2ANG mutation in
TMEM70 gene, coding for speciﬁc factor of mitochondrial ATP
synthase biogenesis with unknown function [1]. Characterization of
TMEM70 protein properties is thus necessary for elucidation of
its biological role and better understanding of the pathogenic
mechanism of the disease. In this study we analyzed in detail the
biosynthesis and presumed mitochondrial localization of the protein
using cells expressing GFP- or FLAG-tagged forms of TMEM70 protein
as the experimental model. We have found that TMEM70 gene
encoded precursor of 29 kDa is processed into 21 kDa mature protein.
The import study revealed that the TMEM70 protein is processed
after transport into mitochondrial matrix, but the level of transported
protein and its cellular content are very low. Immuno-cytochemical
analysis and fractionation of mitochondria conﬁrmed the localization
of the TMEM70 protein in the inner mitochondrial membrane [2].
Accessibility of the tagged forms of TMEM70 protein to trypsin
followed by electrophoretic or microscopic analysis demonstrated the
orientation of C- and N- protein termini into mitochondrial matrix.
2D BN/SDS electrophoretic analysis of digitonin-solubilized proteins
further showed, that TMEM70 protein is able either form an
oligomeric structures or associate with other, yet unknown proteins.
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Introduction and aim
In order to develop a ﬂow reaction chamber for the continuous cell
free protein synthesis, one key challenge is to provide energy in form
of Adenosine 5′-triphosphate (ATP) for the process. To feed the
system with ATP molecules from an external source is one strategy to
solve this problem. However in this case, the major drawback is that
the reaction products Adenosine 5′-diphosphate (ADP) and phos-
phate accumulate in the reaction solution and have to be removed
frequently. Another approach is the direct regeneration of ATP from
ADP and the phosphate molecule within the reaction compartment.
Therefore, our aim is to isolate the ATP-Synthases from Escherichia
coli and to immobilize these proteins onto custom made carrier
membranes. In the presented work, an ATP regeneration module is
designed employing computational modeling to transfer a batch
reaction into a continuous protein synthesis process.
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Materials and methods
As a model process for cell-free protein synthesis a commercial
available kit was used to produce a ﬂuorescence proteinwhich can easily
be detected by a ﬂuorescent reader. The concentrations of other relevant
process reagents were measured over time to estimate the reaction
kinetic parameters of the protein for a computationalmodeling approach.
Results and discussion
Our studies revealed an ATP consumption of 1.67E13 ATP
molecules/second to maintain a production rate of 14,05E11 mole-
cules/second for an active ﬂuorescence protein. From this data, the
required constraints of a regeneration area were calculated. However,
the effects of spatial distribution and mass transport limitations are
neglected. By further integrating these factors into the computational
model, an optimized geometry of a regeneration module can be
derived by our simulations.
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FoF1 ATP synthase is composed of a water soluble F1 portion that
has three catalytic sites for ATP synthesis/hydrolysis reaction and a
membrane embedded Fo portion that acts as a H+ channel. The FoF1
synthesizes ATP using the energy of H+ ﬂow through the Fo portion,
and pumps H+ in the reverse direction when ATP is hydrolyzed in the
F1 portion. ATP hydrolysis and resultant subunit rotation in F1 have
been well characterized by various single molecule techniques. The
transport of H+ through Fo, in contrast, has been difﬁcult to observe
in single molecules, and bulk assays have in most cases qualitative
rather than quantitative.
Here, wemeasured theH+ pump activity of FoF1 from thermophilic
Bacillus PS3 (TFoF1) by an ensemble assay in a spectrophotometer and
a single liposome assay under a microscope. To visualize the H+
transport through the TFoF1 complex into liposomes driven by ATP
hydrolysis, a ﬂuorescent dye pH-rodo, of which the ﬂuorescence
intensity increases upon lowering of pH, was conjugated to the
headgroup of phospholipids. The dye-labeled liposomes containing
TFoF1 responded to the addition of ATP by gradually increasing the
ﬂuorescence. Both the rate of the initial rise and the ﬁnal plateau level
became higher at higher ATP concentrations. No ﬂuorescence
increase was observed for liposomes without the protein or in the
TFoF1-liposome pretreated with an inhibitor N,N’-dicyclohexyl-
carbodiimide. By calibrating the buffering capacity, we estimated
the number of pumped protons per TFoF1. The maximal initial rate,
Vmax, was in the order of 600 H+ sec−1 in ensemble assays and 800 H+
sec−1 in single-liposome assays where each liposome contained~one
TFoF1 molecule on average, for the starting pH of 8.0 and at room
temperature. The Michaelis constant, Km, for ATP was ~20 μM in both
assays. The ATPase activity measured by NADH oxidation coupled to
ATP regeneration showed Vmax of ~200 ATP hydrolyzed per second,
consistent with the H+/ATP ratio of 10/3 expected for TFoF1. Now we
are still trying to determine the H+ pump activity more precise.
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Vacuolar type rotary H+-ATPase/synthase (VoV1) from Thermus
thermophilus, composed of nine subunits, A, B, D, F, C, E, G, I, and L, has
been reconstituted from individually isolated V1 (A3B3D1F1) and Vo
(C1E2G2I1L12) subcomplexes in vitro. A3B3D and A3B3 also rec-
onstituted with Vo, resulting in a holoenzyme-like complexes.
However, A3B3D-Vo and A3B3-Vo did not show ATP synthesis and
dicyclohexylcarbodiimide (DCCD) sensitive ATPase activity. The
reconstitution process was monitored in real time by ﬂuorescence
resonance energy transfer (FRET) between an acceptor dye attached
to subunit F or D in V1 or A3B3D, and a donor dye attached to subunit
C in Vo. The estimated dissociation constants Kd for VoV1 and A3B3D-Vo
were ~0.3 nM and ~1 nM at 25°C, respectively. These results suggest
that the A3B3 domain tightly associated with the two EG peripheral
stalks of Vo, even in the absence of the central shaft subunits. In
addition, F subunit is essential for coupling of ATP hydrolysis and
proton translocation and has a key role in the stability of whole
complex. However the contribution of the F subunit to the association
of A3B3 with Vo is much lower than that of the EG peripheral stalks.
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A recent crystal structure of the c-subunit ring from the S.
cerevisae ATP synthase reveals its ten proton-binding sites in a
seemingly open conformation. This is in contrast to known structures
of bacterial c-rings, in which the ion-binding sites are consistently
seen in the closed form. This observation raises the possibility that the
mechanisms of mitochondrial c-rings are somehow distinct from
their bacterial homologues, perhaps due to a different architecture or
amino-acid sequence.
Here, we use molecular simulations to demonstrate that the open-
state observed in the yeast c10 rotor is induced by the crystallization
buffer. This buffer, primarily consisting of 2-methyl-2,4-pentanediol
(MPD) in water, provides an environment for the protein that is very
different from the detergent-based buffers used previously. Like
detergent, MPD coats the transmembrane hydrophobic surfaces of
the protein. However, MPD molecules can also form H-bonds with
polar moieties of the protein. In addition, MPD is water permeable,
and thus exposed hydrophilic regions on the c-ring surface, including
the ion-binding sites, are well hydrated in the crystal.
Our simulations show that the possibility of interactions with
water and MPD energetically favors the opening of the proton-
binding sites. By contrast, when we simulate the ring embedded in a
hydrophobic environment, its binding sites preferably adopt a closed
state, in analogy with its prokaryotic counterparts. Therefore, the
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